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(54) Cationic coating composition 

(57) The present invention provides a cationic coat- 
ing composition capable of forming a coating film which 
is excellent in a corrosion resistance and an adhesive 
property and an electrodepositably coating property to- 
ward a rust preventive steel plate (zinc-plated steel 
plate). The cationic coating composition described 



above comprises as a vehicle component, a polyol- 
modified, amino group-containing epoxy resin prepared 
by reacting an epoxy resin (A) having an epoxy equiva- 
lent of 1 80 to 2500 with a polyol compound (B) obtained 
by adding caprolactone to a compound having plural ac- 
tive hydrogen groups and an amino group-containing 
compound (C). 
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Description 

[0001] The present invention relates to a cationic coating composition, more specifically to a cationic coating com- 
position capable of forming a cured coating film which is excellent in a corrosion resistance and a rust preventive steel 
plate aptitude. 

[0002] A cationic coating composition is used mainly as an electrodepositable coating composition for wide-ranged 
uses including an undercoating composition for car bodies, and those having various characteristics have so far been 
developed. Proposed as a conventional cationic coating composition is, for example, a coating composition having an 
excellent corrosion resistance and improved in an electrodepositable coating aptitude and an adhesive property toward 
a rust preventive steel plate, in which used as a vehicle component is a modified epoxy resin obtained by internally 
plasticizing an epoxy resin having an amino group and/or a quaternary ammonium salt group as a hydrophilic group 
with a plasticizer, for example, a lead compound or a chromium compound such as polyamide, polyester and polyether 
and blended is a rust preventive pigment such as lead chromate, basic lead silicate and strontium chromate. In recent 
years, however, hazardous compounds such as lead compounds and chromium compounds are restricted in use there- 
of from a viewpoint of pollution problems, and techniques which can improve a corrosion resistance of the coating film 
without blending such hazardous compounds are expected to be developed. 

[0003] On the other hand, an epoxy resin which is internally plasticized with a plasticizer tends to reduce a corrosion 
resistance of the coating film, and therefore it is considered to use an epoxy resin containing no plasticizing modifier 
to thereby elevate the corrosion resistance. However, this provides the problem that the electrodepositable coating 
aptitude against a rust preventive steel plate is reduced. In order to solve such problems, it is proposed that added as 
a plasticizer for an epoxy resin are, for example, polyol resins such as polyesterpolyols, potyetherpolyols, poly- 
urethanepofyols and acrylpolyols; and polymers including polyolef ins such as polybutadiene and polyethylene. Involved 
therein, however, is the problem that these materials not only do not have a sufficiently high compatibility with epoxy 
resins and are not effective so much for elevating a rust preventive steel plate aptitude but also reduce a corrosion 
resistance of the coating film by adding in a large amount. 

[0004] An object of the present invention is to provide a cationic coating composition comprising an epoxy resin as 
a base material and capable of forming a coating film which is excellent both in a corrosion resistance and a rust 
preventive steel plate aptitude without using hazardous compounds such as lead compounds and chromium com- 
pounds. 

[0005] Intensive researches repeated by the present inventors have resulted in finding that the object described 
above can be achieved by using as a vehicle component in a cationic coating composition, a polyol-modified, amino 
group-containing epoxy resin prepared by reacting an epoxy resin with a polyol compound obtained by adding capro- 
lactone to a compound having plural active hydrogen groups and an amino group-containing compound, and they have 
come to complete the present invention. 

[0006] Thus, the present invention provides a cationic coating composition comprising as a vehicle component, a 
polyol-modified, amino group-containing epoxy resin prepared by reacting an epoxy resin (A) having an epoxy equiv- 
alent of 1 80 to 2500 with a polyol compound (B) obtained by adding caprolactone to a compound having plural active 
hydrogen groups and an amino group-containing compound (C). 

[0007] The cationic coating composition of the present invention shall be explained below in further details. 
Epoxy resin (A) : 

[0008] An epoxy resin obtained by the reaction of a polyphenol compound with epihalohydrin, for example, epichlo- 
rohydrin is particularly suited as an epoxy resin used as a starting material in the production of the modified epoxy 
resin used as the vehicle component in the coating composition of the present invention from a corrosion resistance 
of the coating film. 

[0009] The polyphenol compounds which can be used for producing the above epoxy resin include, for example, bis 
(4-hydroxy-phenyl)-2,2-propane (bisphenol A), 4,4-dihydroxybenzophenone, bis(4-hydroxyphenyl)methane (bisphe- 
nol F), bis(4-hydroxyphenyl)-1 , 1 -ethane, bis(4-hydroxyphenyl)-1,1-isobutane, bis(4-hydroxy-tert-butyl-phenyl)- 
2,2-propane, bis(2-hydroxynaphthyl)methane, tetra(4-hydroxyphenyl)-1 ,1 ,2,2-ethane, 4,4-dihydroxy-diphenylsulfone 
(bisphenol S), phenol novolak and cresol novolak. 

[0010] Particularly suited as the epoxy resin obtained by the reaction of a polyphenol compound with epihalohydrin 
is a compound derived from bisphenol A, which is represented by the following formula: 
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wherein n is 1 to 3. 

[0011] The epoxy resin (A) can have an epoxy equivalent failing in a range of usually 1 80 to 2500, preferably 200 
to 2000 and more preferably 400 to 1 500. Further, it has suitably a number average molecular weight falling in a range 
of usually at least 200, particularly 400 to 4000 and more particularly 800 to 2000. 
20 [0012] Commercially available products of such epoxy resin include, for example, products which are marketed from 
Oil Shell Epoxy Co., Ltd. in the trade names of Epikote 828EL, ditto 1002, ditto 1004 and ditto 1007. 

Polyol compound (B) : 

25 [001 3] in the present invention, the polyol compound (B) is used for internally plasticizing (modifying) the epoxy resin 
(A) described above and is produced by adding caprolactone (b) to a compound (a) having plural active hydrogen 
groups. 

[0014] An active hydrogen group means an atomic group containing at least one active hydrogen and includes, for 
example, an alcoholic hydroxy I group, a primary amino group and a secondary amino group. The compound (a) having 
30 plural groups of such active hydrogen group in a molecule includes, for example: 

(i) low molecular weight polyols, 

(ii) linear or branched potyetherpolyols, 

(iii) linear or branched polyesterpolyols, 

35 (iv) amine compounds having a primary amino group and/or a secondary amino group or hydroxy I amine com- 

pounds having a primary amino group and/or a secondary amino group in combination with a hydroxy! group. 

These active hydrogen group-containing compounds (a) can have a number average molecular weight falling in a 
range of usually 62 to 5,000, preferably 62 to 4,000 and more preferably 62 to 1 ,500. The active hydrogen group- 
40 containing compound (a) is suitably a compound having at least two groups and less than 30 groups, particularly 2 to 
10 groups of the active hydrogen groups per molecule on the average. 

[0015] The low molecular weight polyol (i) described above is a compound having at least two alcoholic hydroxy! 
groups in a molecule, and to be specific, it includes, for example, diols such as ethylene glycol, propylene glycol, 
1 ,3-butylene glycol, 1 ,4-butanediol, 1 ,6-hexanediol, diethylene glycol, dipropylene glycol, cyclohexane-1 ,4-dimethylol, 
45 neopentyl glycol, methylene glycol and hydrogenated bisphenol A; triols such as glycerin, trimethylolethane and tri- 
methylolpropane; tetrols such as pentaerythritol and ot-methyl-glycoside; hexols such as sorbitol and dipentaerythritol; 
and octols such as sucrose. 

[0016] The linear or branched polyetherpoiyol (ii) described above can have a number average molecular weight 
falling in a range of usually 62 to 1 0,000, preferably 62 to 2,000, and to be specific, it includes, for example, polyethylene 
so glycol, polypropylene glycol, polytetramethylene glycol, poly(ethylene - propylene) glycol, bisphenol A ethylene glycol 
ether and bisphenol A propylene glycol ether which are produced by ring-opening reaction of alkylene oxides (e. g., 
ethylene oxide, propylene oxide, butylene oxide and tetrahydrofuran). 

[0017] The linear or branched polyesterpotyol (iii) described above can have a number average molecular weight 
falling in a range of usually 200 to 10,000, preferably 200 to 3,000, and to be specific, it includes, for example, com- 
55 pounds obtained by polycondensation reaction of organic dicarboxylic acids or anhydrides thereof with organic diols 
on the condition of organic diol excess. The organic dicarboxylic acid used in this case includes aliphatic, alicyclic or 
aromatic organic dicarboxylic acids having 2 to 44 carbon atoms, particularly 4 to 36 carbon atoms, for example, 
succinic acid, adipic acid, azelaic acid, sebacic acid, maleic acid, fumaric acid, glutaric acid, hexachloroheptane-di- 
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carboxylic acid, cyclohexanedicarboxylic acid, o-phthalic acid, isophthalic acid, terephthalic acid, tetrahydrophthalic 
acid and tetrachlorophthalic acid. Further, in addition to these carboxylic acids, capable of being used in combination 
in small amounts are anhydrides of polycarboxylic acids having 3 or more carboxyl groups and adducts of unsaturated 
fatty acids. 

5 [001 8] The organic diol component includes, for example, alkylene glycols such as ethylene glycol, propylene glycol, 
butylene glycol, 1 ,4-butanediol, 1 ,6-hexanediol, and neopentyl glycol, and dimethylol-cyclohexane. They may be used, 
if necessary, in combination with a small amount of polyol such as trimethylolpropane, glycerin and pentaerythritol. 
[0019] The preceding amine compound having a primary amino group and/or a secondary amino group or amine 
compound (iv) having a primary amino group and/or a secondary amino group in combination with a hydroxy I group 

10 includes, for example, alkylamines such as butylenediamine, hexamethylenedi amine, tetraethylene-pentamine and 
pentaethylenehexamine; alkanolamines such as monoethanolamine, diethanolamine, triethanolamine, mono(2-hy- 
droxypropyl)amine and di(2-hydroxypropyl)amine; alicyclic polyamines such as 1 ,3-bisaminomethyt-cyciohexane and 
isophoronediamine; aromatic polyamines such as xylylenediamine, metaxylenediamine, diamino-diphenylmethane 
and phenylenediamine; alkylenepolyamines such as ethylenediamine, propyl en ediamine, diethylene-tri amine and tri- 

15 ethyl en etetramine; and other amine compounds such as pofyamides and polyamideamines which are derived from 
piperizine and these polyamines, amine adducts with epoxy compounds, ketimines and aldimines. Among the com- 
pounds (a) having plural active hydrogen groups described above, suited are the compounds of (i), (ii), (Hi) and (iv), 
particularly compounds selected from the group consisting of ethylene glycol, propylene glycol, 1 ,4-butanediol, 1 ,6-hex- 
anediol, diethylene glycol, hydrogenated bisphenol A, glycerin, trimethylolethane, trimethylolpropane, pentaerythritol, 

20 dipentaerythritol, polyethylene glycol, polypropylene glycol, polytetramethylene glycol, poly(ethylene - propylene) gly- 
col, bisphenol A ethylene glycol ether, bisphenol A propylene glycol ether, butylenediamine, hexamethylene-diamine, 
monoethanolamine, diethanolamine, triethanol-amine, isophoronediamine, ethylenediamine, propylene-diamine, di- 
ethyl en etri amine and triethylenetetramine. 

[0020] On the other hand, the caprolactone (b) which can be added to the compound (a) having plural active hydrogen 
25 groups includes y-capro lactone, e-caprolactone and 5-caprolactone, and e-caprolactone is particularly suited. 

[0021] The addition reaction of the compound (a) having plural active hydrogen groups and the caprolactone (b) 
described above can be carried out by conventionally known methods. To be specific, it can be carried out, for example, 
by heating the compound (a) having plural active hydrogen groups and the caprolactone (b) at a temperature of about 
1 00 to about 250°C for about one to about 15 hours in the presence of a catalyst including titanium compounds such 
30 as tetrabutoxytitanium and tetrapropoxytitanium, organic tin compounds such as tin octylate, dibutyltin oxide and dib- 
utyltin laurate, and metal compounds such as stannous chloride. 

[0022] In general, the catalyst described above can be used in an amount of 0.5 to 1 ,000 ppm based on the total 
amount of the compound (a) having plural active hydrogen groups and the caprolactone (b). The caprolactone (b) can 
be used in an amount falling in a range of usually 1 to 30 moles, preferably 1 to 20 moles and more preferably 1 to 15 
35 moles per equivalent (that is, per hydrogen group) of the hydrogen group of the compound (a) having plural active 
hydrogen groups. 

[0023] The polyol compound (B) thus obtained has together a high plasticizing performance based on the compound 
(a) having plural active hydrogen groups, a high compatibility with an epoxy resin based on (pory)caprolactone and a 
high reactivity attributable to a terminal hydroxy I group and therefore is very useful as an internal plasticizer for an 
40 epoxy resin for a coating material. 

[0024] The polyol compound (B) can be added in a proportion falling in a range of usually 20 to 95 % by weight, 
preferably 25 to 90 % by weight in terms of the total of units originating in the caprolactone (b). Also, it can have a 
number average molecular weight falling in a range of usually 300 to 1 0,000, preferably 400 to 5,000. 

^5 Amino group-containing compound (C) : 

[0025] In the present invention, the amino group-containing compound (C) which is reacted with the epoxy resin (A) 
is a cation ic property-providing component used for introducing an amino group into an epoxy resin base substance 
to make the above epoxy resin cation ic, and the compounds having at least one active hydrogen reacting with an epoxy 
50 group are used. 

[0026] The amino group-containing compound used for such purpose includes mono- or di-alkylamines such as 
monomethylamine, dimethylamine, monoethyiamine, diethylamine, monoisopropylamine, diisopropylamine, triisopro- 
pylamine, monobutylamine and dibutylamine; alkanolamines such as monoethanolamine, diethanolamine, mono(2-hy- 
droxypropyl)amine, di(2-hydroxypropyl)amine, tri(2-hydroxypropyl)amine, monomethylaminoethanol and monoethyl- 
55 aminoethanol; alkylenepolyamines such as ethylenediamine, propylenediamine, butylenediamine, h exam ethylenedi- 
amine, tetraethylenepentamine, pentaethylenehexamine, diethylaminopropylamine, diethyelenetriamine and triethyl- 
enetetramine, and ketimine-reduced compounds of these polyamines; alkyleneimines such as ethyleneimine and pro- 
pyleneimine; and cyclic amines such as piperazine, morpholine and pyridine. 
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Polyol-modified, amino group-containing epoxy resin : 

[0027] The polyol-modified, amino group-containing epoxy resin used as a vehicle in the coating composition of the 
present invention can be produced by addition-reacting the polyol compound (B) having a terminal hydroxy! group 

5 originating in caprolactone and the amino group-containing compound with the epoxy resin (A) described above by a 
conventionally known method. The reaction of the polyol compound (B) and the amino group-containing compound 
(C) with the epoxy resin (A) can be carried out in an optional order. In general, the polyol compound (B) and the amino 
group-containing compound (C) are suitably reacted with the epoxy resin (A) at the same time. A single end of the 
polyol compound (B) is preferably added to a skeleton of the epoxy resin (A). 

w [0028] The addition reaction thereof can be earned out usually in a suitable solvent at a temperature of about 90 to 
about 170°C, preferably about 100 to about 150°C for one to 5 hours, preferably 2 to 4 hours. The solvent described 
above includes, for example, hydrocarbons such as toluene, xylene and n-hexane; esters such as methyl acetate, 
ethyl acetate and butyl acetate; ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone and methyl amyl 
ketone; amides such as dimethylformamide and dimethylacetamide; alcohols such as methanol, ethanol, n-propanol 

15 and iso-propanol; and mixtures thereof. 

[0029] The use proportions of the respective reaction components in the addition reaction described above shall not 
strictly be restricted and can suitably be changed according to uses of the coating composition. The epoxy resin (A), 
the polyol compound (B) and the amino group-containing compound (C) fall suitably in the following ranges based on 
the total solid matter weight of the three components described above: 

20 

Epoxy resin (A): 

usually 60 to 90 % by weight, preferably 62 to 85 % by weight and more preferably 62 to 80 % by weight 
Polyol compound (B): 

usually 5 to 30 % by weight, preferably 5 to 20 % by weight and more preferably 5 to 1 8 % by weight 
25 Amino group-containing compound (C): 

usually 5 to 25 % by weight, preferably 6 to 1 9 % by weight and more preferably 6 to 1 8 % by weight 

Cationic coating composition : 

30 [0030] The cationic coating composition provided by the present invention comprises as a vehicle, the polyol-mod- 
ified, amino group-containing epoxy resin produced in the manner described above and is suitably used in water base 
coating materials, particularly electrodepositable coating materials. 

[0031 ] The cationic coating composition according to the present invention is used in combination with, for example, 
a cross-linking agent such as blocked polyisocyanate and a melamine resin, particularly a blocked polyisocyanate 

35 cross-linking agent, whereby a thermosetting cationic coating composition can be prepared. 

[0032] The blocked polyisocyanate cross-linking agent described above is an addition reaction product of a polyiso- 
cyanate compound with an isocyanate blocking agent in almost stoichiometric amounts. The polyisocyanate compound 
used in this case includes, for example, aromatic, aliphatic or alicyclic polyisocyanate compounds such as tolylenedi- 
isocyanate, xylilenediisocyanate, phenylenediisocyanate, bis(isocyanatemethyl)cyclohexane f tetramethylenediisocy- 

40 anate, hexamethylenedi isocyanate, methylenediisocyanate and isophoronediisocyanate, and terminal isocyanate 
group-containing compounds obtained by reacting excess amounts of these polyisocyanate compounds with low mo- 
lecular active hydrogen-containing compounds such as ethylene glycol, propylene glycol, trimethylolpropane, hexan- 
etriol and castor oil. 

[0033] On the other hand, the isocyanate blocking agents described above are added to isocyanate groups of the 
45 polyisocyanate compounds to block them, and the blocked polyisocyanate compounds formed by addition thereof are 
stable at a room temperature. However, when they are heated at a baking temperature (usually, about 100 to about 
200°C) of the coating film, the blocking agent is preferably dissociated, and the free isocyanate groups can be regen- 
erated. The blocking agent satisfying such requisite includes, for example, lactam base compounds such as e-capro- 
lactam and y-butyrolactam; oxime base compounds such as methyl ethyl ketoxime and cyclo-hexanoneoxime; phenol 
so base compounds such as phenol, p-t-butyl-phenol and cresol; aliphatic alcohols such as n-butanol and 2-ethylhexanol; 
aromatic alkylalcohols such as phenylcarbinol and methyl-phenylcarbinol; and ether alcohol base compounds such as 
ethylene glycol monobutyl ether. 

[0034] A blending proportion of the polyol-modified, amino group-containing epoxy resin to the blocked polyisocy- 
anate cross-linking agent is, based on the total solid matter weight of these both components, can be allowed to fall 
55 jn a range of usually 55 to 90 % by weight, preferably 60 to 85 % by weight and more preferably 60 to 80 % by weight 
in the case of the polyol-modified, amino group-containing epoxy resin and usually 10 to 45 % by weight, preferably 
1 5 to 40 % by weight and more preferably 20 to 40 % by weight in the case of the blocked polyisocyanate cross-linking 
agent. 
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[0035] The cationic coating composition of the present invention comprising the polyol-modified, amino group-con- 
taining epoxy resin and the blocked polyisocyanate cross-linking agent described above can be prepared, for example, 
by sufficiently mixing the polyol-modified, amino group-containing epoxy resin and the blocked polyisocyanate cross- 
linking agent and then neutralizing the mixture with water-soluble organic carboxylic acid usually in an aqueous medium 
5 to make the above epoxy resin water-soluble or water-dispersible. Acetic acid, formic acid or a mixture thereof is 
particularly suited as the organic carboxylic acid used for neutralization, and use of these acids elevates a finishing 
property, a throwing property and a low temperature-curing property of the coating composition formed and a stability 
of the coating material. 

[0036] A bismuth compound can be added as a rust preventive to the coating composition of the present invention. 
10 The kind of the bismuth compound which can be blended shall not specifically be restricted and includes, for example, 
inorganic bismuth compounds such as bismuth oxide, bismuth hydroxide, basic bismuth carbonate, bismuth nitrate 
and bismuth silicate. Among them, bismuth hydroxide is particularly preferred. 

[0037] Capable of being also used as the bismuth compound are organic acid bismuth salts which are produced by 
reacting two or more organic acids with the bismuth compounds described above and in which at least one of the 
is above organic acids is aliphatic hydroxycarboxylic acid. The organic acids which can be used for producing the above 
organic acid bismuth salts include, for example, glycolic acid, glyceric acid, lactic acid, dimethylolpropionic acid, dimeth- 
ylolbutyric acid, dimethylotvaleric acid, tartaric acid, malic acid, hydroxymalonic acid, dihydroxysuccinic acid, trihydrox- 
ysuccinic acid, methylmalonic acid, benzoic acid and citric acid. 

[0038] The inorganic bismuth compounds and the organic acid bismuth salts described above each can be used 

20 alone or may be used in combination of two or more kinds thereof. 

[0039] A content of these bismuth compounds in the coating composition of the present invention shall not strictly 
be restricted and can be changed over a wide range according to performances required to the coating material. 
Usually, it fails suitably in a range of 10 % by weight or less, preferably 0.05 to 5 % by weight based on the resinous 
solid matters contained in the coating composition of the present invention. 

25 [0040] Further, the coating composition of the present invention can contain, if necessary, a tin compound as a curing 
catalyst. The above tin compound includes, for example, organic tin compounds such as dibutyltin oxide and dioctyltin 
oxide; and aliphatic or aromatic carboxylic acid salts of dialkyftin such as dibutyltin dilaurate, dioctyltin dilaurate, dib- 
utyltin diacetate, dioctyltin benzoateoxy, dibutyltin benzoateoxy, dioctyltin dibenzoate and dibutyltin dibenzoate. Among 
them, dialkyftin aromatic carboxylic acid salts are suitable from a viewpoint of a low temperature curability. 

30 [0041] A content of these tin compounds in the coating composition of the present invention shall not strictly be 
restricted and can be changed over a wide range according to performances required to the coating material. Usually, 
the tin content falls suitably in a range of 0.01 to 8 parts by weight, preferably 0.05 to 5.0 parts by weight per 100 parts 
by weight of the resinous solid matters contained in the coating material. 

[0042] Further, the cationic coating composition of the present invention can be blended, if necessary, with coating 
35 material additives such as a color pigment, an extender pigment, a rust preventive pigment, an organic solvent, a 
pigment dispersant and a surface-controlling agent. 

[0043] The cationic coating composition of the present invention can be coated on a desired base material surface 
by cationically electrodepositable coating. In general, electrodepositable coating can be carried out on the condition 
of a loaded voltage of 100 to 400 V in an electrodepositing bath controlled usually to a bath temperature of about 15 
40 to about 35°C, which comprises the coating composition of the present invention diluted by adding deionized water so 
that the solid matter concentration becomes about 5.0 to about 40 % by weight and controlled to a pH falling in a range 
of 5.5 to 9. 

[0044] A film thickness of an electrodeposited coating film which is formed using the coating composition of the 
present invention shall not specifically be restricted and falls preferably in a range of usually 10 to 40 pjn, particularly 

45 1 5 to 35 urn in terms of a cured coating film. A baking temperature of the coating film is suitably a temperature falling 
in a range of usually about 120 to about 200°C, preferably about 140 to about 1 80°C on a coated article surface, and 
the baking time can be set preferably in an extent of 5 to 60 minutes, preferably 10 to 30 minutes. 
[0045] The cationic coating composition of the present invention is suitably used as a cationically electrodepositable 
coating material, but it shall not be restricted thereto and can also be used as a solvent type coating material for a 

so corrosion resistant primer of a steel plate for coating by a method such as electrostatic coating and roll coating. 

[0046] Further, the coating composition of the present invention can be used as a two liquid type room temperature- 
drying coating material and an adhesive using a polyisocyanate compound and a melamine resin as a cross-linking 
agent. 

[0047] The cationic coating composition of the present invention forms a cured coating film which is excellent in a 
55 corrosion resistance, an electrodepositable coating aptitude against a corrosion-resistant steel plate and an adhesive 
property to a base material and is useful as an undercoating material for car bodies, car parts and construction & 
building fields. 

[0048] The present invention shall more specifically be explained below with reference to examples, but the present 
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invention shall by no means be restricted to the examples. 0 Parts" and "%" show "parts by weight" and n % by weight" 
respectively. 

Production Example 1 : polyol -modified, amino group containing epoxy resin 

5 

[0049] Added to 400 g of PP-400 (trade name, polypropylene glycol having a molecular weight of 400, marketed by 
Sanyo Chemical Industrial Ltd.) was 300 g of e-caprolactone, and the temperature was elevated up to 130°C. Then, 
0.01 g of tetrabutoxytitanium was added, and the temperature was elevated to 170°C. Sampling was carried out with 
the passage of time while maintaining this temperature to trace an amount of un reacted e-caprolactone by measurement 
10 of an infrared absorption spectrum, and the solution was cooled at a point of time when the reaction rate reached 98 
% or more to obtain a modifying agent 1 . 

[0050] Next, another flask was charged with 1 000 g of Epikote 828EL (trade name, an epoxy resin having an epoxy 
equivalent of 1 90 and a molecular weight of 350, marketed by Oil Shell Epoxy Co., Ltd.), 400 g of bisphenol A and 0.2 
g of dimethylbenzylamine to react them at 130°C until the epoxy equivalent became 750. Then, added were 200 g of 
15 the modifying agent 1 , 140 g of diethanolamine and 65 g of a ketimine-reduced product of diethylenetriamine to react 
them at 1 20°C for 4 hours, and then 400 g of butyl cellosolve was added to obtain a resin No. 1 having an amine value 
of 58 and a resin solid content of 80 %. 

Production Example 2 : polyol-modified, amino group containing epoxy resin 

20 

[0051] Added to 1000 g of PP-1000 (trade name, polypropylene glycol having a molecular weight of 1000, marketed 
by Sanyo Chemical Industrial Ltd.) was 300 g of e-caprolactone, and the temperature was elevated up to 1 30°C. Then, 
0.01 g of tetrabutoxytitanium was added, and the temperature was elevated to 1 70°C. Sampling was carried out with 
the passage of time while maintaining this temperature to trace an amount of unreacted e-caprolactone by measurement 
25 of an infrared absorption spectrum, and the solution was cooled at a point of time when the reaction rate reached 98 
% or more to obtain a modifying agent 2. 

[0052] Next, the same procedure as in Production Example 1 was carried out to obtain a resin No. 2 having a resin 
solid content of 80 %, except that the modifying agent 2 was substituted for the modifying agent 1 . 

so Production Example 3 : polyol-modified, amino group containing epoxy resin 

[0053] Added to 400 g of PEG-400 (trade name, polyethylene glycol having a molecular weight of 400, marketed by 
Sanyo Chemical Industrial Ltd.) was 300 g of e-caprolactone, and the temperature was elevated up to 130°C. Then, 
0.01 g of tetrabutoxytitanium was added, and the temperature was elevated to 1 70°C. Sampling was carried out with 
35 the passage of time while maintaining this temperature to trace an amount of unreacted e-caprolactone by measurement 
of an infrared absorption spectrum, and the solution was cooled at a point of time when the reaction rate reached 98 
% or more to obtain a modifying agent 3. 

[0054] Next, the same procedure as in Production Example 1 was carried out to obtain a resin No. 3 having a resin 
solid content of 80 %, except that the modifying agent 3 was substituted for the modifying agent 1 . 

40 

Production Example 4 : polyol-modified, amino group containing epoxy resin 

[0055] Added to 400 g of MN-400 (trade name, polypropylene glycol having a molecular weight of 400, marketed by 
Mitsui Chemicals Inc.) was 400 g of e-caprolactone, and the temperature was elevated up to 130°C. Then, 0.01 g of 
45 tetrabutoxytitanium was added, and the temperature was elevated to 1 70°C. Sampling was carried out with the passage 
of time while maintaining this temperature to trace an amount of unreacted e-caprolactone by measurement of an 
infrared absorption spectrum, and the solution was cooled at a point of time when the reaction rate reached 98 % or 
more to obtain a modifying agent 4. 

[0056] Next, the same procedure as in Production Example 1 was carried out to obtain a resin No. 4 having a resin 
50 solid content of 80 %, except that the modifying agent 4 was substituted for the modifying agent 1 . 

Production Example 5 : polyol-modified, amino group containing epoxy resin 

[0057] Added to 105 g of diethanolamine was 695 g of e-caprolactone, and the temperature was elevated up to 
55 130°C. Then, 0.01 g of tetrabutoxytitanium was added, and the temperature was elevated to 170°C. Sampling was 
carried out with the passage of time while maintaining this temperature to trace an amount of unreacted e-caprolactone 
by measurement of an infrared absorption spectrum, and the solution was cooled at a point of time when the reaction 
rate reached 98 % or more to obtain a modifying agent 5. 
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[0058] Next, the same procedure as in Production Example 1 was carried out to obtain a resin No. 5 having a resin 
solid content of 80 %, except that the modifying agent 5 was substituted for the modifying agent 1 . 

Production Example 6 : polyol-modrfied, amino group containing epoxy resin 

5 

[0059] Added to 1 03 g of diethylenetriamine was 697 g of e-capro lactone, and the temperature was elevated up to 
130°C. Then, 0.01 g of tetrabutoxytitanium was added, and the temperature was elevated to 170°C. Sampling was 
carried out with the passage of time while maintaining this temperature to trace an amount of un reacted e-caprolactone 
by measurement of an infrared absorption spectrum, and the solution was cooled at a point of time when the reaction 
10 rate reached 98 % or more to obtain a modifying agent 6. 

[0060] Next, the same procedure as in Production Example 1 was carried out to obtain a resin No. 6 having a resin 
solid content of 80 %, except that the modifying agent 6 was substituted for the modifying agent 1 . 

Production Example 7 : polyol-modified, amino group containing epoxy resin 
is ' 

[0061] Added to 1000 g of Epikote 828EL (trade name, an epoxy resin having an epoxy equivalent of 190 and a 
molecular weight of 350, marketed by Oil Shell Epoxy Co., Ltd.) were 400 g of bisphenol A and 0.2 g of dimethylben- 
zylamine to react them at 130°C until the epoxy equivalent became 750. Next, added were 650 g of the modifying 
agent 2, 130 g of diethanolamine and 65 g of a kettmine-reduced product of diethylenetriamine to react them at 1 20°C 
20 for 4 hours, and then 500 g of butyl cellosolve was added to obtain a resin No. 7 having an amine value of 42 and a 
resin solid content of 80 %. 

Production Example 8 : amino group containing epoxy resin 

25 [0062] Added to 1 01 0 g of Epikote 828EL (trade name, an epoxy resin, marketed by Oil Shell Epoxy Co., Ltd.) were 
390 g of bisphenol A and 0.2 g of dimethylbenzylamine to react them at 1 30°C until the epoxy equivalent became 800. 
Next, added were 1 60 g of diethanolamine and 65 g of a ketimine-reduced product of diethylenetriamine to react them 
at 1 20°C for 4 hours, and then 355 g of butyl cellosolve was added to obtain a resin No. 8 having an amine value of 
67 and a resin solid content of 80 %. 

30 

Production Example 9 : polyisocyanate-blocked curing agent 

[0063] Added to 270 g of M-200 (trade name, crude MDI, marketed by Mitsui Chemicals Inc.) was 46 g of methyl 
isobutyl ketone, and the temperature was elevated to 70°C. Slowly added was 280 g of diethylene glycol monoethyl 
35 ether, and the temperature was elevated to 90°C. Sampling was carried out with the passage of time while maintaining 
this temperature to confirm by measurement of an infrared absorption spectrum that absorption of unreacted e-capro- 
lactone disappeared, whereby a polyisocyanate-blocked curing agent (A) having a solid content of 90 % was obtained. 

Production of clear emulsions 

40 

[0064] 

(1) Blended and homogeneously stirred were 87.5 g (70 g in terms of the resin solid matter) of the resin No. 1 
obtained in Production Example 1 described above, 33.3 g (30 g in terms of the resin solid matter) of the polyiso- 
4£ cyanate-blocked curing agent (A) obtained In Production Example 9, 2.5 g of dibutyltin dibenzoate (solid content: 

40 %) and 1 5 g of 1 0 % acetic acid, and then 1 56 g of deionized water was dropwise added in about 1 5 minutes 
while vigorously stirring to obtain a clear emulsion (a) for cationic electrodeposition having a solid content of 34 %. 

Similarly, emulsions (b), (c), (d), (e), (f), (g) and (h) were obtained in combinations of the components shown 
in Table 1. 

50 (2) Blended and homogeneously stirred were 68.8 g (55.0 g in terms of the resin solid matter) of the resin No. 8 

obtained in Production Example 8 described above, 33.3 g (30 g in terms of the resin solid matter) of the polyiso- 
cyanate-blocked curing agent (A) obtained in Production Example 9, 15 g of the modifying agent 1 obtained in the 
middle of Production Example 1 , 2.5 g of dibutyltin dibenzoate (solid content: 40 %) and 15 g of 10 % acetic acid, 
and then 160 g of deionized water was dropwise added in about 15 minutes while vigorously stirring to obtain a 

55 clear emulsion (i) for cationic electrodeposition having a solid content of 34 %. 
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Resin No. 1 
— — 


Resin No. 2 


Resin No. 3 


Resin No. 4 


Resin No. 5 


Resin No. 6 


Resin No. 7 


Resin No. 8 


Modifying agent 1 


Curing agent A 



Production of pigment-dispersed paste 



[0065] Added to 5.83 parts of a 60 % quaternary epoxy chloride resin, 1 4.5 parts of titanium white, 0.4 part of carbon 
55 black, 7.0 parts of an extender pigment and 2.0 parts of bismuth hydroxide was 2.24 parts of deionized water, and the 
mixture was sufficiently stirred to obtain a pigment-dispersed paste having a solid content of 55.0 %. 
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Examples and Comparative Examples 
Example 1 

5 [0066] Added to 297 parts of the clear emulsion (a) for cation ic electrodeposition were 49.8 parts of the pigment- 
dispersed paste and 235.7 parts of deionized water to obtain a cationically electrodepositable coating material having 
a solid content of 20 %. 

Examples 2 to 7 and Comparative Examples 1 and 2 

10 

[0067] The pigment-dispersed paste and deionized water were added in the same manner as in Example 1 to each 
of the clear emulsions (b) to (i) for cation ic electrodeposition in the same blending proportions as in Example 1 to obtain 
cationically electrodepositable coating materials having a solid content of 20 %. 

is Coating test 

[0068] A zinc-plated steel plate of 0.8 x 150 x 70 mm subjected to chemical conversion treatment with Palbond 
#3020 (trade name, a zinc phosphate treating agent, marketed by Nihon Parkerizing Co., Ltd.) was dipped in the 
respective cationically electrodepositable coating materials obtained in Examples and Comparative Examples de- 
20 scribed above to carry out electrodepositable coating using them as a cathode (coating voltage of rust resistant steel 
plate: 270 V). Electrodeposited coating films thus formed were baked at 1 70°C for 20 minutes by means of an electric 
hot air dryer. The performance test results of the coated plates thus obtained are shown in the following Table 2. 

25 
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[0069] The performance tests were carried out according to the following methods. 

(*1) Electrodeposition aptitude of rust resistant steel plate: 

A zinc-plated steel plate used as a cathode was dipped in an electrodepositing bath and coated at a voltage 
5 of 270 V and a bath temperature of 28°C to obtain a test piece, and the number of pin holes in 1 0 x 1 0 cm of the 

test piece was counted and evaluated according to the following criteria: 

Q no pin holes were observed 
A: 3 to 5 pin holes were observed 
10 x : 1 0 or more pin holes were observed 

(*2) Corrosion resistance: 

Cross-cut scratches were provided on the electrodeposited coating films of the respective electrodeposrtably 
coated plates obtained by baking at a temperature of 1 70°C for 20 minutes by means of a knife so that it reached 
is the base surface, and they were subjected to a 840 hour salt water-spraying resistant test according to J IS Z-2371 
to evaluate a width of rust and blister produced in the cut part according to the following criteria: 

Q maximum width of rust and blister is less than 2 mm (one side) from the cut part 
A: maximum width of rust and blister is 2 mm or more and less than 3 mm (one side) from the cut part, and 
20 blister is observed to be produced on the whole coated surface 

x: maximum width of rust and blister is 3 mm or more from the cut part, and blister was observed to be 
produced on the whole coated surface 

(*3) Impact resistance (Du Pont system): 

25 The test plates obtained by baking at a temperature of 1 70°C for 20 minutes were put in a constant temperature 

and constant humidity chamber having a temperature of 20 ± 1 °C and a humidity of 75 ±2 % for 24 hours. Then, 
the test plate was interposed between a pedestal and an impact pin each having a prescribed size which were 
installed to a Du Pont impact tester with the coated face turned upward. Subsequently, a deadweight having a 
prescribed weight was fallen onto the impact pin to determine a maximum height at which cracking and peeling 

30 were not caused. 

(*4) Secondary adhesive property: 

TP-37 Grey (trade name, an aminoalkid base intermediate coating material, marketed by Kansai Paint Co., 
Ltd.) and NEO AM I LAC 600 (trade name, an aminoalkid base top coating material, marketed by Kansai Paint Co., 
Ltd.) were further coated in order on the coated surface of the coated plate obtained in the coating test described 

35 above, baked and cured to obtain a coated plate. It was immersed in warm water of 40°C for 240 hours and then 

provided with cross-cuts of 2 mm square. Subsequently, it was subjected to a peeling test with a cellophane ad- 
hesive tape to evaluate a residual rate (residual cross-cuts/1 00) of the coatingf itm according to thefollowing criteria: 

Q 100/100 
40 A: 90 to 99/1 00 

X: not more than 89/100 

(*5) Bending resistance: 

The test plate was put in a constant temperature and constant humidity chamber having a temperature of 20± 
45 1°C and a humidity of 75 ± 2 % for 24 hours and then bent by 1 80° in 1 to 2 seconds to evaluate both front and 

back surfaces of a bent part according to the following criteria: 

Q nothing unusual was found on both front and back surfaces 

X: anything unusual such as cracking and peeling was found on either of them 

50 

(*6) Curability: 

The coated surfaces of the respective electrodepositably coated plates obtained by baking at a temperature 
of 170°C for 20 minutes were rubbed by about 20 reciprocations in a length of about 3 to 4 cm at a pressure of 
3.92 mPa (about 4 kg/cm 2 ) with a set of four gauzes soaked with acetone, and then the coated surface appearance 
55 was visually observed to evaluate it according to the following criteria: 

Q no scratches were observed on the coated surface 

A: scratches were observed on the coated surface but no base surface was seen 
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x: coating film was dissolved and base surface was seen 



Claims 

1. A cationic coating composition comprising as a vehicle component, a pofyol-modified, amino group-containing 
epoxy resin prepared by reacting an epoxy resin (A) having an epoxy equivalent of 180 to 2500 with a polyol 
compound (B) obtained by adding caprolactone to a compound having plural active hydrogen groups and an amino 
group-containing compound (C). 

2. The cationic coating composition as described in claim 1 , wherein the epoxy resin (A) is obtained by reacting a 
polyphenol compound with epihalohydrin. 

3. The cationic coating composition as described in claim 2, wherein the polyphenol compound is bisphenol A. 

4. The cationic coating composition as described in claim 1 , wherein the epoxy resin (A) has an epoxy equivalent 
falling in a range of 200 to 2000. 

5. The cationic coating composition as described in claim 1 , wherein an active hydrogen group in the compound 
having plural active hydrogen groups is selected from the group consisting of an alcoholic hydroxy I group, a primary 
amino group and a secondary amino group. 

6. The cationic coating composition as described in claim 1 , wherein the compound having plural active hydrogen 
groups is selected from the group consisting of low molecular weight polyols, linear or branched polyetherpolyols, 
linear or branched polyester-polyols, amine compounds having a primary amino group and/or a secondary amino 
group and hydroxylamine compounds having a primary amino group and/or a secondary amino group in combi- 
nation with a hydroxyl group. 

7. The cationic coating composition as described in claim 1 , wherein the compound having plural active hydrogen 
groups has a number average molecular weight falling in a range of 62 to 5,000. 

8. The cationic coating composition as described in claim 1 , wherein the compound having plural active hydrogen 
groups has at least two groups and less than 30 groups of the active hydrogen groups per molecule on the average. 

9. The cationic coating composition as described in claim 1 , wherein the compound having plural active hydrogen 
groups is selected from the group consisting of ethylene glycol, propylene glycol, 1 ,4-butanediol, 1 ,6-hexanediol, 
diethylene glycol, hydrogenated bisphenol A, glycerin, trimethylolethane, trimethylolpropane, pentaerythritol, 
dipentaerythritol, polyethylene glycol, polypropylene glycol, polyttramethylene glycol, poly(ethylene • propylene) 
glycol, bisphenol A ethylene glycol ether, bisphenol A propylene glycol ether, butylenediamine, hexamethylenedi- 
amine, monoethanolamine, diethanolamine, triethanolamine, isophoronediamine, ethylenediamine, propylenedi- 
amine, diethylenetriamine and triethylenetetramine. 

10. The cationic coating composition as described in claim 1 , wherein caprolactone is e-caprolactone. 

11 . The cationic coating composition as described in claim 1 , wherein an added molar amount of caprolactone to the 
compound having plural active hydrogen groups falls in a range of 1 to 30 moles per equivalent of the active 
hydrogen group. 

12. The cationic coating composition as described in claim 1, wherein the polyol-modified, amino group-containing 
epoxy resin is obtained by reacting the epoxy resin (A) with the polyol compound (B) and the amino group-con- 
taining compound (C) at the same time. 

13. The cationic coating composition as described in claim 1, wherein the polyol-modified, amino group-containing 
epoxy resin is prepared by reacting 60 to 90 % by weight of the epoxy resin (A), 5 to 30 % by weight of the polyol 
compound (B) and 5 to 25 % by weight of the amino group-containing compound (C) each based on the total solid 
matter weight of the epoxy resin (A), the polyol compound (B) and the amino group-containing compound (C). 

14. The cationic coating composition as described in claim 1, wherein the polyol-modified, amino group-containing 
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epoxy resin is prepared by reacting 62 to 85 % by weight of the epoxy resin (A), 5 to 20 % by weight of the polyol 
compound (B) and 6 to 1 9 % by weight of the amino group-containing compound (C) each based on the total solid 
matter weight of the epoxy resin (A), the polyol compound (B) and the amino group-containing compound (C). 

1 5. The cationic coating composition as described in claim 1 , further comprising a blocked polyisocyanate cross-linking 
agent. 

16. The cationic coating composition as described in claim 15, comprising the blocked polyisocyanate cross-linking 
agent in a proportion falling in a range of 1 0 to 45 % by weight based on the total solid matter weight of the polyol- 
modified, amino group-containing epoxy resin and the blocked polyisocyanate cross-linking agent. 

17. The cationic coating composition as described in claim 1 , further comprising a bismuth compound as a rust pre- 
ventive. 

18. A cationicaliy electrodepositing bath comprising the cationic coating composition as described in claim 1 . 

19. A cationic electrodeposition-coating method using the cationic coating composition as described in claim 1 . 

20. An article coated with the cationic coating composition as described In claim 1 . 
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